Climate projections propose that drought stress will become challenging for establishing trees. The magnitude of stress is dependent on tree species, provenance, and most likely also highly influenced by soil quality. European Beech (Fagus sylvatica) is of major ecological and economical importance in Central European forests. The species has an especially wide physiological and ecological amplitude enabling growth under various soil conditions within its distribution area in Central Europe. We studied the effects of 
, adaptation to specific soils and its interaction with provenance has not yet been studied systematically.
Typical response parameters to study the reaction of beech trees to drought are physiological characteristics such as the predawn water potential or gas exchange (Aranda, Gil, & Pardos, 2005; Tognetti et al., 1995) , or morphological changes such as height increment, leaf area or root mass (Meier & Leuschner, 2008a,b; Rose et al., 2009; van Hees, 1997) . Stable isotope signals (δ 13 C) have been used successfully to demonstrate the effect of drought stress (Fotelli, Rennenberg, Holst, Mayer, & Gessler, 2003; Geßler et al., 2004; Robson et al., 2012; Rose et al., 2009 ): The photosynthetic pathway usually discriminates against 13 C isotopes because they are heavier and consequently diffuse more slowly into the plant. Under drought, however, stomata are kept closed when the water deficit becomes strong, so 13 C isotopes inside the stomatal cavities are used for photosynthesis and discrimination values are lowered (Fotelli et al., 2003) . In contrast to δ 13 C, it is not known whether δ 15 N in leaves of beech differ under drought (Peuke, Gessler, & Rennenberg, 2006) , although such effects were observed in barley (Robinson et al., 2000) . However, δ 15 N signals are known to be very provenance specific, reflect the pathway of N uptake and transport, and may be coupled with growth (Peuke et al., 2006) .
To our knowledge, there are no experimental studies using stable isotope signals coupled with above and below ground biomass data to determine whether lower soil quality enhances drought reaction independently of provenance. Soil conditions may mitigate or exacerbate provenance-specific reactions to severe drought as a result of possible pre-adaptation to drought events in their home range coupled with the local soil conditions.
We expected that different provenances would show different stress levels under drought (mirrored in the foliar δ
13
C values) and that poorer sandy soil would enhance the stress reaction because water and nutrient shortage is more pronounced compared to loamy soils.
We hypothesized that the effect of soil quality (soil texture and nutrient content) under drought differs among provenances in terms of growth (root and shoot biomass), nutrient supply (leaf carbon and nitrogen), and stress level (natural isotope signatures). We discuss these findings on the basis of the provenance-specific climatic and soil conditions in the trees' home ranges. We expected that saplings originating from humid sites would suffer more from the drought treatment than saplings from Mediterranean sites. We also expected that adaptation to soil conditions in the area of origin would affect the magnitude of the stress reaction-whereby trees growing in soils similar to their area of origin would fare better under drought than individuals grown in different soil conditions.
| MATERIALS AND METHODS

| Experiment-background
In the Event 3-Landau experiment, a subproject of the Event Experiment series in Bayreuth (see e.g., Backhaus et al., 2014; Beierkuhnlein, Thiel, Jentsch, Willner, & Kreyling, 2011; Kreyling et al., 2011 Kreyling et al., , 2012 , two soils of differing quality were used and twoyear old saplings of different European beech provenances were tested on their reaction to severe early season drought . Testing beech saplings in the second year after planting them in different mineral soils was especially relevant, as beech seedlings that establish in organic horizons start to penetrate the mineral soil properly in their second year and therefore soil characteristics start to matter. Here, we compare the foliar C, N, δ 13 C, and δ
15
N values under drought or control conditions on different soils with initial size, growth parameters during the experiment as well as above and below ground dry mass and tree survival 1 year after the treatment for beeches from Kempten, Hengstberg, Johanniskreuz (Germany), and Montejo de la Sierra (Spain) representing four of the six provenances studied by Thiel et al. (2014) .
| Experimental site
The Landau experimental site is located close to the Campus Landau of the University of Koblenz-Landau, at the Julius Kühn-Institute (JKI), Federal Research Centre for Cultivated Plants, Siebeldingen (49°13′03″N, 8°02′47″E, 202 a.s.l.) . Mean annual temperature is 10.2°C and mean annual precipitation is 643 mm, distributed bimodally with a peak in May/June and another in November/December (data: German Weather Service).
| Plant material and potting
Seedlings from different provenances of beech (F. sylvatica) were (50°08′00″N 12°11′00″E) and Johanniskreuz (49°18′14″N 07°50′07″E) are located in between with similar SHMIs. The latter provenances differentiate as beeches in Johanniskreuz stock on very poor and sandy soils while beeches in Hengstberg stock on more favorable loamy substrate (Table 1) .
Beech saplings overwintered in wooden boxes covered with blankets in the Bayreuth Botanical Garden. Rootstocks were protected against damage and drying with a biodegradable wrap, which served after harvest to separate newly grown roots from old roots. The beech trees were planted into 12-L plastic pots on 14 March 2011, and pots were placed on plant saucers to avoid water loss after watering.
Beech saplings were randomly chosen for each provenance and planted in sandy loam (henceforth loamy soil) or loamy sand (henceforth sandy soil). The loamy soil was a mixed sample of top soil of two different forests collected in the vicinity of Bayreuth. Laser analyses (Mastersizer, Malvern Instrument, University of Bayreuth) characterized the sandy loam as containing c. 68% sand, 21% silt, and 11% clay.
The soil was sieved through a 1-cm grid to homogenize it prior to potting. The sandy soil was created by adding 50% quartz sand from a local sand pit to the first soil, and the mixture was homogenized as above. Soil chemical analyses were carried out at the University of Bayreuth, Bayceer Centre, and pH and electric conductivity were measured at the University of Landau, Geoecology laboratory (Table 2) .
| Experimental setup
A fully crossed three-factorial design was established including four different provenances, a drought versus control treatment, and sandy versus loamy soil with nine replicates per treatment. Pots were placed completely randomly outdoors at the JKI in Siebeldingen, close to Landau (49°13′03″N, 8°02′47″E). For the C, N, and isotope analyses, only four replicates of each group were randomly chosen and analyzed (64 beech samples in total). The plants were exposed to ambient precipitation and were additionally watered with groundwater if necessary to allow good establishment in the pots. On 13th April, a rainout shelter and a shading canvas were installed (for details, see Thiel et al., 2014) . From 2nd May onwards, all plants received the 40 year average precipitation amount divided into two doses per week. For the drought treatment, no watering took place for a period of 36 days starting on 9th May ending on 13th June. The criterion to stop the drought treatment was that 20% of the individuals showed strong drought damage. During the drought treatment, the control pots were continuously watered according to the respective week's 40 years T A B L E 1 Environmental characteristics of the home ranges of the beech provenances studied (Wang et al., 2006) . b According to profile 21 in Jerz (1973) . Soil texture was translated to international standard using the world reference base for soil resources (IUSS Working Group WRB, 2014) . c Signature G1 according to Geological Map 5838/5839 Selb/Schönberg (Mielke & Stettner, 1984) . Detailed size classes were taken from Spielvogel, Knicker, and Kögel-Knabner (2004) who studied texture of soils on similar substrates nearby (sample 13/G2 
| Response parameters
Tree height and stem diameter were measured shortly after planting 
| Statistical analyses
Linear models (LMs) were used to determine treatment effects on the change of foliar δ 
| RESULTS
| Changes of leaf parameters during the drought treatment
Overall, the full models provided a good fit for δ 13 C (R 2 = .75) and C (R 2 = .62) whereas N (R 2 = .32) was poorly explained (Table 3) .
Although several of the main factors explained a significant proportion of the variation in foliar δ 13 C, δ 15 N, C, and N, interactions between provenance × soil, provenance × drought, and soil × drought were only significant for foliar C (Table 3) .
| Changes in δ 13
C values during drought
Provenance and drought significantly influenced δ 
| Changes in foliar C and N values during drought
Soil quality had an especially high influence on changes in foliar C content particularly in the drought treatment, with greater changes in C content in loamy soil than in sandy soil. However, interaction terms (soil × provenance and soil × drought) were significant as well which demonstrates that this soil quality effect on foliar C content was not equally strong for all provenances and under control conditions compared to drought conditions ( Fig. 1 ). Drought had a significant negative effect on foliar C on sandy soil (Table 4) and only saplings from Johanniskreuz continued to increase foliar C under drought conditions. In loamy soil, there was a significant interaction with provenance: Kempten and Hengstberg saplings accumulated less foliar C during drought compared to the control whereas saplings from Johanniskreuz and Montejo de la Sierra gained more foliar C under drought compared to the control plants ( Foliar N decreased over the period of early May to mid-June on sandy soil and in most cases also on loamy soil. The decrease in foliar N was clearly stronger under drought, which was significant on sandy soil but only a trend on loamy soil (Table 4) . Kempten saplings showed a strong decrease in foliar N under control and drought conditions, which was similar on both soils. The foliar N of saplings from other provenances underwent little change under control conditions but decreased under drought (Table 4) .
| Growth parameters after drought
The full models explain roughly 45% of aboveground biomass (R 2 = .43), root mass (R 2 = .43) and the relative proportion of fine roots (R 2 = .46 ) in the spring after the drought treatment (Table 5 ).
The most important influencing factor was drought, which reduced above-and belowground biomass dramatically but increased the proportion of fine roots. The latter was also influenced by soil type:
The proportion of fine roots relative to total root biomass was greater in sandy soil compared to loamy soil (Table 6) . Tree height at the end of the experiment was directly influenced not only by provenance and drought but also by the interactions between provenance × soil and provenance × drought, indicating provenancespecific responses to soil quality and drought (Table 5 ). In the full model, saplings from Johanniskreuz reached significantly lower height independent of treatment and soil compared to the other provenances (post hoc comparison). This difference was especially strong in loamy soil and under control conditions. There was a strong negative effect of drought on above-and belowground biomass for both soils (Table 6 N, C, and N during the drought including all main effects (provenance, soil, and drought treatment) and all interactions (provenance × soil, provenance × drought, soil × drought, and provenance × soil × drought) as predictors T A B L E 4 Median (minimum/maximum) of the change of the values of foliar C, N, δ Data were rank-transformed prior to analyses due to the lack of normality and homogeneity of variances. Significant results are highlighted and marked with asterisks (*** if p < .001; ** if p < .01; * if p < .05). If provenance was at least marginally significant, a Tukey's post hoc test was carried out. Different small letters next to the median indicate significant differences with p < .05 between the specific provenances.
conditions (median height remained stable around 28-30 cm). In loamy soil, saplings from Johanniskreuz were significantly smaller by the end of the experiment than those from Kempten and Montejo de la Sierra (Fig. 2, Table 6 ). This was in accordance with the lowest tree growth and stem diameter change between early May and mid-June of Johanniskreuz saplings in loamy soil compared to the other provenances (Table 6 ). The other provenances performed worse in sandy soil than in loamy soil, resulting in similar final sapling heights and similar changes in tree height and stem diameter change (Table 6 ).
Under drought U nder control conditions 
| DISCUSSION
| δ 13 C values and total C (%)
The drought led to expected positive changes in the δ 13 C values indicating water stress and the partial and temporal closure of the stomata. We expected loamy soil to buffer the drought impact on the plants more than sandy soil due to the better water retention capacity. However, δ 13 C values were only marginally different between the soils (higher in sandy soil compared to loamy soil), indicating a trend toward higher stress and more frequent stomata closure in sandy soil compared to loamy soil. Under control conditions, discrimination of 13 C took place in expected magnitudes over the period between May and mid-June (compare to Damesin, Rambal, & Joffre, 1998 or to Fotelli et al., 2003 . Discrimination of 13 C was less pronounced on sandy soil (median change-0.73) than in loamy soil (median change-0.86), which suggests that even under average weather conditions stomata were kept closed more frequently on sandy soil than in loamy soil.
Beech saplings growing in sandy soil severely reduced foliar C during drought except for one provenance: Saplings from Johanniskreuz showed foliar C enrichment during drought in both soils. It is possible that the drought was severe enough in the sandy soil to start the process of C-starvation in saplings from the other provenances. However, the study of starch pools of the whole plant would be necessary to provide evidence of limiting C resources for plant metabolism and survival (McDowell & Sevanto, 2010) . In contrast to sandy soil, foliar C kept increasing between May to June for all provenances in loamy soil.
Accordingly, stomatal closure must have been more pronounced for plants growing in sandy soil compared to loamy soil. In contrast to the drought reaction, strong foliar C loss did not occur under control conditions. Here, C values remained more or less stable over time, which is in accordance with other studies (Nahm et al., 2007; Wang, Xu, & Schjoerring, 2011) . However, the foliar C loss found during drought is not consistent to other studies. Peuke and Rennenberg (2004) measured no change in total leaf carbon during drought in beech seedlings of 11 different provenances. In that study, drought was controlled at 20% volumetric water content, which was clearly less pronounced than in the present study, where values below 10% were reached. Additionally, Peuke and Rennenberg (2004) used a well-fertilized mixture adding commercial potting soil probably characterized by good water holding capacity. Consequently, we assume that only severe drought initiates foliar C reduction as found on sandy soil in our experiment.
| δ 15 N values and total N [%]
Drought had a significant negative effect on δ 15 N values. This was not expected, as other studies found no such response (Peuke et al., 2006) . However, δ 15 N should be correlated with plant size as the T A B L E 5 Linear model's F-and p-values on root and shoot biomass, the ratio of fine roots <1 mm to the total root mass and plant height during early spring the year after the treatment including all main effects (provenance, soil, and drought treatment) and all interactions (provenance × soil, provenance × drought, soil × drought, and provenance × soil × drought) as predictors T A B L E 6 Median (minimum/maximum) of the change of the values of tree morphology during drought treatment between early May and mid-June and of the measures biomass above and below ground 1 year after the treatment Data were rank-transformed prior to analyses due to the lack of normality and homogeneity of variances. Significant results are highlighted and marked with asterisks (*** if p < .001; ** if p < .01; * if p < .05). If provenance was at least marginally significant, a Tukey's post hoc test was carried out. Different small letters next to the median indicate significant differences with p < .05 between the specific provenances. discrimination process of 15 N due to transport within the plant takes place over longer time or distances if a plant is larger (Peuke et al., 2006 ). In our study, tree height was significantly reduced by drought compared to control conditions, and the change in δ
15
N between early
May and mid-June was clearly correlated with the growth of the plants within the same period of time over all treatments and provenances.
F I G U R E 2 Boxplots of root mass, fine root to root ratio, aboveground dry mass, and tree height on 10th of April after the experiment roughly one1 year after the drought treatment. For detailed Linear model results, see Tables 5 and 6 ; *p < .05, **p < .01, ***p < .001.
AŌer drought U nder control condiƟons
Root dry mass grown since potting [g] Ratio fine root mass to root mass N discrimination due to drought was overlaid by a similar effect due to limited growth in sandy soil. As the sandy soil was poorer in N compared to the loamy soil, the fractionation during N uptake was probably also lower on sandy soil (Craine et al., 2015) .
Foliar N (%) content of the leaves in May was comparable to other measurements, for example, those undertaken by Wang et al. (2011) .
Values declined over the duration of the experiment in nearly all treatments, which has been also described by Geßler et al. (2007) . An explanation could be that leaf growth and chlorophyll synthesis is terminated by the month of May leading to a reduction in soluble N content after spring (Nahm et al., 2006) . In our study, the reduction in foliar N after the drought in loamy soil was not as pronounced as in sandy soil. In particular, the control plants in loamy soil showed remarkably stable foliar N values. Accordingly, it is unlikely that in our study the termination of leaf growth after spring was responsible for the foliar N reduction found especially in sandy soil and after drought but might have its origin in hampered N uptake due to the water deficit. Foliar nitrogen may also remain stable over summer (Wang et al., 2011) under good conditions. The sandy soil was also the nutrient poor soil in our experiment for three reasons: The sandy compartment included comparably few nutrients (Table 2) , the stronger water deficit in the sandy soil compared to the loamy soil leads to nutrient shortage as water is necessary for nutrient uptake and third, and the high magnesium (Table 2 ) and probably also high calcium content in the sand could fix phosphorus as calcium phosphate and makes it unreachable for the plants (Schlesinger & Bernhardt, 2013) . The latter is not specific to all sandy soils, as calcium is often washed out from the sand. However, acidic sand would could lead to even worse nutrient conditions as nutrient availability is generally better under higher than under lower soil pH (Schlesinger & Bernhardt, 2013) . The possible lack of available P on sand could be-next to the different N content-a second crucial factor determining photosynthesis and water use efficiency effects on sandy soil compared to loamy soil (Minotta & Pinzauti, 1996; Peuke & Rennenberg, 2004; Schlesinger & Bernhardt, 2013) .
Although the beech saplings were of different sizes at the beginning of the experiment, the initial foliar δ
15
N values were not correlated with growth during the first year. This may again be explained by the time shift and nutrient transport processes between tree growth during the first year and leaf production in the following spring Nahm et al., 2006) . The trees that grew especially well during their first year (saplings from Johanniskreuz and Montejo de la Sierra) did not grow well between March and the beginning of May in their second year. Both were significantly late (about 5 days)
in their phenology as compared to saplings from Kempten (C. Buhk, unpublished data). In addition, beech saplings from Johanniskreuz and Montejo de la Sierra had significantly higher foliar N content than beeches from Kempten and Hengstberg. As high foliar N content is correlated with chlorophyll content and to the CO 2 assimilation rate (Evans, 1989) , photosynthesis and therefore water use efficiency might be more effective (Schlesinger & Bernhardt, 2013) for saplings from Johanniskreuz and Montejo de la Sierra, which allows them to close the stomata regularly without risking C-starvation. According to Peuke and Rennenberg (2004) , leaf nitrogen concentration remained stable under drought. In their study, N was also highly dependent on provenance, which is partly in accordance with our study. Provenances showed significantly different foliar N values during the start of the experiment in May but changes in foliar N during the experiment were not provenance specific but influenced by drought-especially on sandy soil (Table 4 ).
| Fine root to root ratio
Although overall root mass was reduced in the drought-treated plants and in sandy soil in the year after the experiment (with the exception of Johanniskreuz saplings in loamy soil after drought), the ratio of fine roots to the total root biomass was clearly higher after drought and in sandy soil compared to loamy soil. This could reflect that nutrient and water uptake in the sandy soil and after drought depends mainly on fine roots. However, it may also be the result of the droughted plants forming new roots during late summer and autumn when growing conditions were more favorable.
| Provenance-specific behavior
Along with the climatic conditions at their geographic origin, some populations seem to be more adapted to drought than others. Drought probability (and other environmental conditions) at the geographic origin of plants may partly determine their drought response. Hence, the beech saplings retrieved from Spain (Montejo de al Sierra; see drought index Table 1 ) should reveal clearer drought adaption than the other provenances.
| Beech saplings from Montejo de la Sierra
Leaf damage, mortality, and growth followed the expectations that beech saplings from Montejo de la Sierra were pre-adapted to drought , but this was not apparent in the δ They showed that the stomata were closed during the hottest time of the day. However, the minimum midday water potential reached in the study of the Spanish beech trees is lower (−2 to −2.4 MPa) than the threshold documented for beech xylem embolism of −1.9 mentioned by Aranda et al. (2000) and Hacke and Sauter (1995) . This indicates that the Spanish beech saplings may be protected by more stable xylem cells compared to those studied by Hacke and Sauter (1995) preventing cavitations and consecutively hydraulic failure (McDowell et al., 2008) . The Spanish beech saplings may not be strictly isohydric (trying to keep the water potential stable by closing the stomata) but show also anisohydric behavior, allowing very strong negative water potential as the xylem is more resistant to embolism (Klein, 2014) . This may prevent them from carbon starvation during the regularly long lasting drought events common in Montejo de la Sierra (Aranda et al., 2005; McDowell et al., 2008) . However, foliar carbon loss in sandy soil was strong for the Spanish trees; the aboveground dry mass of the drought-treated plants was clearly reduced 1 year after the treatment, indicating that growth was strongly negatively influenced by the drought. Similarly strong drought effects on growth has also been found in beech trees from xeric sites in Sicily, although their stomata
had been kept open longer during the drought compared to Italian beech trees from a mesic site (Tognetti et al., 1995) . 
| Beech saplings from Kempten
Provenance Kempten has a SHMI of only 26 (compared to 80 in Montejo de la Sierra) due to cool and humid summers. Despite this, according to our δ
13
C values, saplings did not appear to have closed the stomata more often during drought than other provenances, although a trend was visible. However, trees from Kempten showed the highest level of leaf injury and higher mortality , so they were obviously more stressed than saplings from the other provenances, but this was not indicated by higher δ
C values in midJune in our study. To find an explanation, we point to the high variation in δ
C value changes among individuals within all provenances after drought. This could be the result of three overlying processes: (1)
Over time
C is discriminated during photosynthesis, leading to a natural downwards trend of δ 13 C (Fotelli et al., 2003) . (2) Discrimination is reduced if stomata are kept closed (Fotelli et al., 2003) , and (3) δ 
| Beech saplings from Hengstberg
According to Thiel et al. (2014) , beech saplings from Hengstberg take an intermediate position between Kempten and Montejo de la Sierra saplings in terms of leaf injuries, mean diameter reduction, and mortality in response to drought. However, here we demonstrate that the final aboveground biomass 1 year after the treatment tended to be lower under good conditions (control in loamy soil) than all the other provenances. Saplings from Hengstberg probably lacked the plasticity of the Kempten beeches but were able to cope with the extreme drought fairly well. This is in line with observations from another experiment studying beech trees from Hengstberg (Harter et al., 2015) , in which control and drought treatments lead to very similar height increment. The different soil types in our study, however, showed the limits of saplings of this provenance, as dry mass remained especially low under drought in sandy soil. This might be directly linked to the completely different soil texture in its home range, which is clay loam.
| Beech saplings from Johanniskreuz
The growth of Johanniskreuz beech saplings, the second intermediate provenance between Montejo de la Sierra and Kempten, was not very good during the experiment, but leaf injuries were low and C concentrations in the leaves were highest. At the beginning of the experiment in March, beech saplings from Johanniskreuz were taller, thicker (stem diameter), and had clearly more leaves than beeches from the other provenances. Saplings from Johanniskreuz were also not similarly stressed in sandy soil compared to saplings from the other provenances, as they clearly showed the lowest rise in δ
13
C values in sandy soil, which also correlated well with the leaf carbon pattern found: Foliar C rose significantly more during drought on both soils compared to all other provenances. Foliar N was as high as in the Spanish beech saplings, and root mass in sandy soil after drought was high in comparison with plants from Hengstberg and Kempten in a similar range as the Spanish beech saplings. These parameters seemed to indicate high growth potential. The beech saplings from Johanniskreuz originated from sandy substrates with low utilizable field capacity within the root zone of only about 90 mm (Ehses, 2013) . Consequently, they were the only beech saplings that grew just as well in sandy soil as in loamy soil-maybe as a consequence of adaptation to unfavorable soil conditions (Pluess & Weber, 2012) .
The elevated foliar δ by Tognetti et al. (1995) , who found that growth and photosynthesis in F. sylvatica are poorly related. As foliar C value and the number of leaves were high in Johanniskreuz beeches, we exclude the explanation that photosynthesis was limited due to stomatal closure resulting in the low foliar δ
C values. Instead, we propose that Johanniskreuz beech saplings retranslocated carbon within the plant leading to lower δ 13 C discrimination within the plant during their first year of growth.
Indeed, isotope composition in leaves in spring mirror the growing conditions during the former season, but it is clearly modified during transport processes from leaves to storage organs in autumn and back to the buds in spring (Nahm et al., 2006 (Nahm et al., , 2007 Peuke et al., 2006) .
| CONCLUSION
We conclude that soil quality has a strong effect on the drought response of beech saplings. Sandy soil aggravated the drought for all provenances, and the effect of texture is certainly coupled with lower nutrient availability in sandy soil, although we cannot separate these effects. Saplings from Johanniskreuz were able to cope with sandy conditions best, probably due to local adaptation to the sandy soils in their home range. δ
13
C values turned out to be a bad indicator of beech drought stress when the drought event is severe and different mechanisms of discrimination due to stomatal closure and cessation of photosynthesis might overlie each other. As most studies do not let the plants die during their experiment, there is a lack of knowledge of the processes that lead to death as most studies "… confuse stress responses with mortality mechanisms" as stated by McDowell and Sevanto (2010) . In our study, we find stress responses in loamy soil for three of the four provenances. Strategies to cope with drought as well as response plasticity seem to differ strongly among provenances. Local adaptation includes more environmental factors than just climate. Here, we show that soil quality is clearly another relevant factor to be included into species distribution models.
Rough estimates based on soil characteristics, such as those generated from the European Soil Database, might not be detailed enough (Casalegno, Amatulli, Bastrup-Birk, Durrant, & Pekkarinen, 2011) .
Provenance-specific reactions relevant to climate change research should incorporate not only adaptation to climate but also adaptation to soil quality. For practitioners in forestry and conservation, this issue is an additional relevant factor to be taken into account, for example, for reforestation programs .
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